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clarified to get a clear understanding causes of morphological change and input to the mathematical 
model for predicting the development of sand spits at the river mouth. 
For aerial photograph analysis, according to the discrepancy of scale and location among each photo, the 
original photographs cannot be used and compared directly but need to be adjusted by the geometric 
correction process to rectify by I st order polynomial equation and resample the pixel value by linear 
neighbor method for all of the photos. Thereafter, the color information in HSL (Hue, Saturation and 
Lightness ) color space for each photo can be used to classify land and water area by the dissimilarity of 
hue and lightness value combination namely bright yellow tone for beach area and dark blue for sea area. 
The demarcation criteria can be achieved by the assumption of normal distribution of hue and lightness 
histogram. Land and water area for each photo are then classified and assigued value I .O and 0.0 
respectively. The new parameters explaining morphological change are proposed as probability of land 
area ( amean ) and standard deviatioti (crmean ) in the area of interest, which implies the opening of river 
mouth and fluctuation of sand spit development. Moreover, the conventional river mouth dimension such 
as the location of the throat section in longshore direction (xR), cross-shore direction (yR) and throat width 
(B) are directly measured from the photographs as well. 
The analysis results show the gradual long-term change behavior within this iast decade that the river 
mouth has been more stable from the past to recent year by the less altering of sand spit extension to the 
river mouth especially, the consistence of river mouth feature since 2000-2002. Additionally, the 
decreasing trend of standard deviation of the probability of land area implies the gradual stabilization of 
river mouth with the passing of time. For the conventional expression, Iocation alongshore of river mouth 
center has tended to move northward (lefi side) because of the disappearance of the lefi sand: spit. During 
1 990-1995 the sand split continuously developed from both sides, right and left, within a year. However 
fiiom 1 995-2002, the results obviously show the decreasing development of left sand split. Especially, the 
left sand split did not develop since 2000 to 2002. Generally, the sand spit extension into the river mouth 
is induced by uni-direction sediment transport supplied to the spit growing direction. Therefore, 
longshore sed~nent transport generated by wave is then evaluated thereafier in this study. 
For estimating longshore sediment transport tate, wave properties at the breaking points are firstly 
evaluated. Wave ray model (Munk and Arthur, 1 952) is applied in this study by calculating wave height, 
wave direction defonnation when deep-water waves propagate to the shallow water, In the present wave 
ray model, shoaling and wave refraction are considered. According to the long period ofwind wave in the 
Sendai Bay with the magnitude around 8-12 second, the mean water depth confirming a deep water 
condition is approxirnately I OO m. Therefore,. the bathymetry covering deep water area is digitized ftom 
map and supposed the deep area does not change within the analysis period. However, the shallow water 
area is yearly replaced with the more detail survey data obtained from Port Authority. However, the 
measured wave conditions, which are wave height, wave period and wave direction, has been collected at 
the water depth 20 m offshore near breakwater at Sendai Port. Since the depth at measuring point is not 
deep enough and contained the effect of shoaling and refraction, wave ray model is frrstly used to 
simulate the back propagation of wave to find the deep-water condition at the end of bathymetry 
boundary. Thereafier, the computed deep-water wave is generated at the deep-water boundary with the 
ray spacing 10 m. The 1 6 closest depths along the ray path is interpolated by 3rd order polynomial in 
order to over90me the complexities of sea bottom. At shallow water, wave-breaking location is 
determined by Goda's formula (Goda, 1975) as shown in equation (1). 
- 192 -
.,~."~, 
~~;~.~ 
*~". 
:'*~ 
~
 
,";~t: 
"~;j "'~i~, ",",: 
*
~
 
~.~* 
~
 
~
 
~~t": * 
~
 
~
 
~
 
'~i"{, 
~
 
~,.~.,. ,~~" 
*';;{ 
;
 
="~'::i:;  {>･{i~, 
,{;~.; 
'~"'j 
I
 
~
 
~
 
~
 
*.~~~ 
~
 
*,{ 
i
 
'
i
 
I
 
~
 
~
 
~
 
;
;
i
;
 
~
 
~
 
~
 
E
 
~',j{ j;;, 
;*.'{ 
~
 
"
,
'
i
{
 
{
 
i
 
~
 
{
 
~
 
 ;;･-
~
 
 ~･;'~,,j 
~
 
41 3nih 
(1+1 5 (tan P)/3 ) 
HB = 0,17Lo(1 -e 2LO ) (1) 
where HB is breaking wave height computed from Goda's formula, Lo is deep water wave length, h is 
water depth and ,6 is beach slope. Once wave condition at breaking point can be detennined, Iongshore 
sediment transport in the vicinity of river mouth can then be evaluated. 
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Predictive expression for longshore sediment transport is typically presented in term of ivave conditions 
at breaking line. The longshore sediment transport rates at the Nanakita River mouth are separately 
computed into two parts; 1) breaking wave from incident wave, 2) breaking wave ffom reflected wave at 
breakwater with 0.45 of reflection coeffilcient of the incident wave height striking breakwater at Sendai 
Port. CERC formula (CERC, 1 977) is selected and applied to estimate longshore sediment in this study. 
[1 2) Q}(m3/s)=KCg 8Pg:H sinacos(1 (2) 
when Q Is longshore sediment transport Cg Is group celerity, H is wave height at breaking line and 
a is wave direction at breaking line. K is the empirical coefficient used 0.05 following the previous 
study for the application of one-line model on the northem part of Sendai Coast (Tanaka and Shuto, 1 994). 
In fact, the longshore sediment transport, which causes changing of river mouth morphology, is mainly 
from the sediment in the vicinity of the n~ver mouth area, In this study, the average longshore sediment 
tr~nsport in the area I .5 km covering the Nanakita River mouth is considered. Net longshore sediment 
transport in each year shows the correlation to the sand spit development side namely the predominant net 
sediment transport from the south or from the right side of the river mouth resulted to the prolonging of 
right sand spit in that year, and vice versa for the net sediment ftom the north and the development of left 
sand spit. Moreover, the result shows that the disappearance of left sand spit noticeably observed in the 
recent years is occurred by the deficit of sediment supply from left side. Once the measured wave 
properties at 20-m depth were examined, wave period and wave direction measured ~rom north show the 
increasing trend with the constant trend ofwave height since 1 990-2002. However, the changing direction 
of wave shows greater magnitude than the change of shoreline direction, which results to the more 
predominant sedirnent transport ftom south in the recent year. 
For the riverside, the river channel was continuously dredged since 1 988- 1 999 by river authority. This 
activity causes' the 30Q/o increasing of tidal compartment area (Tanaka and Yamamoto, 2000) and also 
results to an increasing of discharge passing through the river mouth section. Tidal and river discharge are 
supposed to enlarge the river mouth and impede the sediment bypass from right side t~ Ieft side of the 
river mouth. Consequently the left sand spit has gradually disappeared according to the increasing 
strength of discharge with time. The computed discharge passing through the river mouth is computed 
ftom the continuity equation of the tidal compartment in the river, observed water level inside the mouth 
and freshwater discharge. Both direction, net discharge intrude into the river mouth during flood tide and 
net discharge flushing out to the ocean during ebb tide are identically concemed as the flushing force 
acting to the spit sediment flushing. The computed discharge confirms that the discharge passing through 
the river mouth has increased due to the increasing of tidal compartment area around 5 m3/s within 1 3 
years when tendency of freshwater discharge amount is almost constant. 
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In the last part of this study, the river mouth migration which, is affected by actual value bf longshore 
sediment induced by incident wave, reflect wave and flushing discharge, is simulated by the predictive 
model for river moth migration proposed by Tanaka ( 1 995). The model assumes that the growih of sand 
spit is resulted trom longshore sediment movement from that side. The cross section of the river mouth is 
assumed to be rectangular with constant water depth ( h ). Sand spit width ( L ) for both sides are assumed 
constant. 
Location of right and left sand spits can be computed from the following two equations; 
For right sand spit: (1 - ;L)Lh dXR =e.q. (1 - f )B - e,, (1 - jL)QR 
dt 
(3) 
For left sand spit: dX =_erqrjB+ew(1 -;~)QL (1 - ~)Lh L 
dt 
(4) 
For river mouth width: 
dB 
(1-jL)Lh dt e,.qrB ew(1 ;~)Qw (5 ) 
Where XR and XL are the coordinates ofthe tip of right and left sand spit. L is width of sand spit, h is 
the water depth, ;L is the sand porosity, q,. is the bedload transport rate by tide and river discharge. Q 
is the longshore transport rate, f is the empirical weight function for sediment flushing on right or left 
sand spit er and ew are effirciency of sediment outflow by discharge and sediment inflow by wave 
respectively. Firstly, e,, and ew are calibrated by minimizing when compares to the meastired river 
mouth width by river mouth width model in equation (5). After that f parameter is calibrated by river 
mouth migration model in equation (3) and (4) with fixing er and ew 'fParameter can be shown in the 
relation of the instantaneous river mouth discharge and location of river mouth center. Model is verified 
by compare computed location of sand spit tip to the measured one fi:om aerial photographs and field 
survey data. The results show that computed sand spit movement conforms to the measured spit location. 
Especially, the spit location in the recent year shows more extension of right spit than left spit due to 
fewer amounts of sediment supply and stronger flushing discharge from dredging activities. Lastly, 
sensitivity analysis of the assumed geometric parameters namely, water depth and spit length, are made 
to evaluate the error contribution to overall model. The analysis shows that migration of sand spit at the 
river mouth is higher sensitive to changing of water depth but rather robust to the change of spit 
thickness. Since varying of water depth causes not only sediment receptacle volume change but also 
changing in bed load sediment transport rate computed by MPM fonnula as shown in equation (6) in 
which, sediment transport rate is reverse proportional to cubic ofwater depth. 
' 2n2 qb ~~r~lTSgd3 ( 'n ~i 0.188)~ (6) 
Sdh~B2 
/ 
when S is the. immersed specific weight of a sand particle, g is the gravitational acceleration (m/s2), 
d is the diameter of a sand particle (m), n is Manning' roughness coefficient, B is river mouth width, Q is 
river mouth discharge and h is water depth, 
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 論文審査結果の要旨
 河口部は河川・海岸の接点であり,河川流・波浪・潮汐などの重畳により複雑な水理特性・土砂
 移動特性を示す.その変動機構解明は洪水時の防災上の観点のみならず,近年大きく注目されてい
 る環境上の観点からもきわめて重要なことである.しかし,上記のように複雑な外力が共存し,さ
 らにそれらは非線形に干渉し合うことから,その全貌が十分に明らかになっているとは言い難い.
 そこで,特に土砂移動に伴う河口地形変動に焦点をしぼり,詳細な現地資料の解析ならびにその数
 値シミュレーションを通じて,波浪・潮汐流・河川流に呼応した河口地形の変動過程を明らかにし
 た、
 第1章では本研究の背景,目的およびその意義について述べている.また,研究対象として,豊
 富な地形データが蓄積され,さらに,その動態を論じるための外カデータも入手可能な仙台市・七
 北田川とすることを示している.
 第2章においては,河口部での地形変動に関するレビューを行い,統一的な現象の記述が出来る
 段階には至っていないことを明らかにした,
 第3章においては,まず,空中写真より河口汀線位置を決定する手法について検討を行っている.
 通常,汀線近くには海域での砕波現象も撮影されていることが多い.この影響を取り除いて正確な
 汀線位置判定を行うために,画像表示としてHSL(且ue・S飢uration・Lig五tness)を使用し,それぞ
 れの頻度分布に正規分布を当てはめる手法を示した.次に,この手法を仙台市'・七北田川河口空中
 写專に適用した結果,1990年から1994年にかけての河霞地形の変動,1995年以降の河P地形の
 安定化が認められた.これらの成果は実用上,重要な成果である.
 第4章では,第3章で得られた地形変動を説明するために,波浪・潮汐流・河川流による底質輸
 送過程の解析を行った.波動による沿岸漂砂の評価を行ったところ,近年の地形変動パターンの変
 化は,主に波向き特性の変化によるもので奉ることが明らかになった.また,近年の河川改修の結
 果,感潮面積の3割程度の増加が認められ,これに伴う潮汐海量の増加が河P地形安定化のもう一
 つの要因であることが示唆された.これらは,新しい知見である.
 第5章では,第4章で明らかになった砂移動過程の近年の変化を定量的に表現するためのモデル
 を示した.実際の河口条件での数値計算を行う前に,仮想的な外力を与えることにより,同モデル
 が河q幅の変動のみならず,開口部の移動過程を適切に表現出来ることを確認した.これは,河川
 工学上重要な成果である.
 第6章では,上記のモデルを七北田川に適用し,第3章に示した河自地形の変動を同モデルによ
 って定量的に表現出来ることを示した.また,モデル中で一定値とされた水深・砂州幅に関する感
 度分析を行い,特に前者の影響が大きいことを示した.これらの成果は実用上,重要な成果である.
 第7章は結論と今後の課題を示したものである.以上要するに,現地河口部における底質移動
 とそれ14伴う地形変化過程を明らかにし,また,その数値シミュレーション手法を示しており,河
 川・海岸工学分野の発展に寄与するところが少なくない.
 よって,本論文は博士(工学)の学位論文として合格と認める、
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